During our search for cytotoxic compounds from Andalusian vascular plants, the ethyl acetate extract from the leaves of Corema album (L.) D. Don (Ericaceae) was selected for its cytotoxic activity against the HT-29 human colon adenocarcinoma cell line. Two dihydrochalcones, 2',4'dihydroxydihydrochalcone (1) and 2'-methoxy-4'-hydroxydihydrochalcone (2), have been isolated from the leaves of C. album. Their structural identification was based on 1 H NMR and 13 C NMR data, including 2D NMR, and mass spectrometry. These compounds were subjected to the sulfhorhodamine B (SRB) cytotoxic assay against human colon adenocarcinoma cells (HT-29). Compounds 1 and 2 showed higher cytotoxicity than the positive control 5-fluorouracil (5-FU); the IC 50 values (M ± SEM) were 1.8 ± 0.4 for compound 1, 8.5 ± 2.1 M for compound 2, and 8.7 ± 4.0 for 5-FU. The cytotoxic activity of 1 and 2 was reduced in the presence of the antioxidants N-acetylcysteine (NAC) and Mn(III) Tetrakis(1-methyl-4-pyridyl) porphyrin pentachloride (MnTMPyP), therefore suggesting that reactive oxygen species generation participates in the cytotoxic activity of these dihydrochalcones.
Corema album (L.) D. Don (Ericaceae), an evergreen dioecious shrub, is endemic to the Atlantic coast of the Iberian Peninsula, growing on sandy soil over coastal dunes and cliffs 1. We have recently reported on the chemical and biological studies of C. album berries, which revealed the presence of phenolic acids, flavonoids and anthocyanins 2 and a chemoprotective effect 3. In a preliminary screening program for cytotoxic compounds in Andalusian vascular plants, the ethyl acetate extract of leaves of C. album was shown to be one of the active extracts. The aim of this study was the isolation and identification of active compounds from the ethyl acetate extract of C. album leaves and to determinate if their cytotoxic activity is mediated by ROS production.
The initial cytotoxic testing of the ethyl acetate extract using HT-29 human colon adenocarcinoma cell line against the anticancer agent 5-Fluoruracil clearly demonstrated strong activity (IC 50 values 15.8  2.6 and 16.2  2.6 g/mL, respectively). The phytochemical study of the ethyl acetate extract led to the isolation of two dihydrochalcones. Their structures were established by comparison of their 1 H NMR, 13 C NMR and MS data with literature values 4, 5 and were identified as 2',4'-dihydroxydihydrochalcone (1) and 2'-methoxy-4'-hydroxydihydrochalcone (2) ( Figure 1 ). These dihydrochalcones were isolated for the first time from Empetrum nigrum, a species of the Empetreae tribe. Compounds 1 and 2 were tested for cytotoxic activity against HT-29 human colon adenocarcinoma cells using the SRB assay. All compounds reduced cell viability at concentrations in the low micromolar range, the IC 50 (means ± SEM) values being: 1.8 ± 0.4 M for compound 1, 8.5 ± 2.1 M for compound 2 and 8.7 ± 4.0 M for the positive control, 5-FU. This cytotoxic effect was dose-dependent and was more pronounced for compounds 1 and 2 than for the anticancer agent 5-FU ( Figure 2 ).
Chalcones and their derivatives are a group of compounds reported to exhibit promising anticancer activity. Previous studies have that ROS generation participates in the mechanism of action of these two dihydrochalcones. Neither antioxidant reduced the activity of 5-FU, therefore suggesting that oxidative stress is not involved in the cytotoxic activity of this anticancer agent (Figure 2 ).
Experimental data have revealed that the induction of H 2 O 2 by prooxidant agents may lead to the selective killing of cancer cells [8] .
Our results show that the cytotoxic activity of compounds 1 and 2 may be mediated in part by their pro-oxidant activity. Further experiments are required to establish whether or not these dihydrochalcones can kill cancer cells selectively.
Experimental
General: 1D and 2D NMR, Bruker AVANCE-500; EI and FAB MS, Micromass AUTOSPECQ; UV, Perkin Elmer Lambda 3, TLC, Merck silica gel 60 F254. 
Extraction and isolation:
The dried and powdered leaves (250 g) of male Corema album plants were extracted at room temperature in an ultrasound bath for 45 min with ethyl acetate. After filtration, the solvent was removed using a rotary evaporator (45ºC) to obtain the crude ethyl acetate extract (4.8% yield). This (3 g) was subjected to silica gel CC (3 x 30 cm) and eluted with gradient mixtures of n-hexane/ethyl acetate from 9:1 to 7:3, v/v (to give 419 fractions of 10 mL). Compound 1 (15 mg) was isolated by crystallization as yellow needles from fractions 57-66 and compound 2 as white needles from fractions 135-154 (13 mg).
The spectroscopic data of the isolated compounds were compared with those reported previously in the literature. Compound 1: 2',4'dihydroxydihydrochalcone 4, 5 and compound 2: 2'-methoxy-4'hydroxydihydrochalcone 5.
Cell assays: For in vitro cytotoxic assays, cell viability of the HT-29 human colon adenocarcinoma cell line was evaluated after 48 h of treatment with 1 and 2, using the sulforhodamine B (SRB) assay [9] . Cell viability was expressed as a percentage in relation to controls and the half inhibitory concentration (IC 50 ) of each compound was determined. 5-Fluorouracil (5-FU) was included as positive control. Finally, to evaluate the possible involvement of ROS in the cytotoxic activity of compounds, HT-29 cells were treated with 1, 2 and 5-FU in the presence or absence of the antioxidants N-acetylcysteine (NAC) and Mn (III) Tetrakis(1methyl-4-pyridyl) porphyrin pentachloride (MnTMPyP). After a 48 h drug exposure, cell viability was estimated using the SRB assay.
All experiments were carried out in triplicate. Data are expressed as means ± standard deviation. Differences between results and the corresponding control were determined by the Student's paired t-test at significance levels of p<0.05 (*), p<0.01 (**), and p<0.001 (***).
Supporting information:
General experimental procedures are available as Supporting Information.
